Ewing's sarcoma (ES) belongs morphologically to the group of small round cell tumours of children because of the absence of unequivocal features of differentiation. This tumour arises from bone and soft tissue, and the histogenesis is still unknown. By electron microscopy, several characteristic features were reported, but specific features of diagnostic value have not been found. Although several monoclonal and polyclonal antibodies were applied to ES, no membrane antigen or protein were known to be specific for ES, and thus the immunodiagnosis of this tumour has been uncertain (Donner et al., 1985; Triche et al., 1986) . In this study, we have established a mouse monoclonal antibody, 5Cl which specifically reacts with ES. The unique distribution and partial biochemical characterisation of 5CI1 -defined molecule are reported.
Ewing's sarcoma (ES) belongs morphologically to the group of small round cell tumours of children because of the absence of unequivocal features of differentiation. This tumour arises from bone and soft tissue, and the histogenesis is still unknown. By electron microscopy, several characteristic features were reported, but specific features of diagnostic value have not been found. Although several monoclonal and polyclonal antibodies were applied to ES, no membrane antigen or protein were known to be specific for ES, and thus the immunodiagnosis of this tumour has been uncertain (Donner et al., 1985; Triche et al., 1986) . In this study, we have established a mouse monoclonal antibody, 5Cl which specifically reacts with ES. The unique distribution and partial biochemical characterisation of 5CI1 -defined molecule are reported.
Materials and methods
Development of mouse monoclonal antibodies ES cell line RD-ES (obtained from American Type Culture Collection (ATCC)) cells (5 x 107 cells) were injected into the intraperitoneal cavity of Balb/cA mice at 2-week intervals three times. Four days after the last boost, immune splenocytes were fused with NS-1 mouse myeloma cells. Supernatants of growing hybridomas were screened on acetone-fixed frozen sections of CR-EW1 tumour, and ES line heterotransplanted in the nude mice by the indirect immunoperoxidase method described below. Hybridomas secreting antibodies of interest were cloned twice by limiting dilution. Immunoglobulin (Ig) subclass monoclonal antibodies were determined by immunodiffusion by rabbit anti-mouse Ig subclass antisera (BIO RAD Laboratories). Source of tumours Surgically resected human tumours, tumours maintained in a nude mice heterotransplantation system and human cell lines maintained in culture medium were used in this study (Table  I) Medicine, Shizuoka; Fujii et al., 1989) . shown to have chromosomal translocation with t(I 1; 22). (Bloom, 1972) Immunoelectron microscopy RD-ES cells were fixed in 0.05 M phosphate-buffered, 4% paraformaldehyde and attached to slides by Cytospin. They were examined by immunoelectron microscopy according to the method previously described (Akatsuka et al., 1979; Hata et al., 1980) .
RD-ES and SK-ES1

Immunoprecipitation and SDS-PAGE
RD-ES cells were externally labelled with 1251I by lactoperoxidase. Briefly, 2 x 107 cells were labelled with I mCi of Na 1251 by the lactoperoxidase catalysing method described by Haustein (1975) . After iodination, cells were washed three times with PBS and the cell membrane was disrupted by adding I ml of lysing buffer (1% Triton X-100, 0.05 M Tris-HC1, pH 7.4 containing 0.14 M NaCI, 0.05 M EDTA, 0.01 M phenylmetyl sulphonyl fluoride, 0.05% sodium azide) for 1 h at 4°C. After centrifugation, 200 iLl of the labelled cell membrane (equivalent to 106 c.p.m.) were incubated with monoclonal antibodies coupled to CNBr-activated Sepharose 4B (Pharmacia) (I mg antibodies per ml of wet volume) for 3 h at 4°C. The beads were washed with washing buffer (0.01 M Tris-HCl, pH 8.0, 0.5 M NaCl, 0.1% Triton X-100, 0.05% sodium azide), and were extracted with sodium dodesyl sulphate-poly acrylamide gel electrophoresis (SDS-PAGE) sample buffer (0.06 M Tris-HC1, 3% SDS, 10% glycerol, 0.04% bromophenol blue, with and without 2-mercaptoethanol (2-ME)) and boiled for 5 min. The SDS-PAGE was performed either under reducing condition with 5% 2-ME or non-reducing condition without 2-ME. The gel was dried and autoradiographed on Kodak XAR-5 X-ray film. Figure la and b shows the typical histology of ES. In Figure lb , a rosette-like structure is clearly seen. As is shown in Figure lc , 5C1 1 reacts with all tumour cells of ES. One ES line, NCR-EWI, unreactive to 5C11, was derived from the transplanted tumour CR-EW1 which was used at the first screening as positive control. Although the mechanism is unknown, 5C11 expression seemed to be lost during in vitro culture in this particular cell line. The localisation of 5C1 1 antigen on ES cells was further investigated by immunoelectron microscopy and the antigen was found to be present on the cell membrane (Figure 2 ). 5C11 did not react with NBs, PNETs, rhabdomyosarcomas and lymphomas. Identical results were obtained on cell ines by immunofluorescence followed by flow cytometrical analysis. Typical examples are shown in Figure 3 . Thus ES lines RD-ES, SK-ES1, NCR-EW2 (Figure 3a , and c, respectively) were all 5C11 positive, whereas PNET line (NCR-PN1) (Figure 3d ) and NB lines, IMR-32 (Tumilowicz et al., 1970) (Figure 3e ) and GOTO (Sekiguchi et al., 1979 and Figure 3f) were completely 5Cll negative. 5C1l was investigated on other human tumours in children and it was found that 5Cll did not react with any other tumours except for hepatoblastomas (HB). On HBs 5C1l reacted with all four cases. The reactivity of 5C1 1 on HB was found on cell surface. Reactivity of 5C1I was stable on acetone-fixed frozen section and paraformaldehyde-fixe tissue but was lost when tissues were processed for formalin-fixation followed by paraffin-embedding.
Reactivity of5CJI on normal andfetal tissues A variety of normal and fetal human tissues were studied for the distribution of 5Ci1-defined antigen. 5C11 did not react with any normal tissues with the number of samples indicated (Table III) . In fetal tissues, a strong reactivity of SC 11 was detected in hepatocytes but no reactivity was found in any other tissues (Table IV) . Interestingly, SCi1 did not react with hepatocytes of new born babies and adults, indicating the oncofetal nature of 5C11-defined antigen.
Biochemical characterisation of SCI 1-defined molecule
Biochemical characterisation of 5CII-defined molecule was carried out using RD-ES line. As is shown in Figure 4 , 5C1 1 immunoprecipitated a protein having molecular weight (MW) Figure 4 lanes  b and d) . 5Cll reactive antigen on HB was also studied using cell suspension prepared from heterotransplantable HB, CR-HP3 and it was found that SC I reacted with the protein having a molecular weight identical to that on ES (data not shown). Discussion Among malignant small round cell tumours, ES is considered as the most primitive due to the absence of unequivocal morphological characteristics as well as differentiation capability. Although several hypotheses have been reported, the histogenesis of ES still remains obscure. Accordingly, the specific features of diagnostic value of this tumour have not yet been determined. In an effort to develop a reliable probe useful for characterising ES, we have successfully established a monoclonal antibody 5Cl1 which specifically reacts with ES. Reactivity of 5C1 1 was examined with a panel of tumour tissues and it was found that 5C1 1 only reacted with ES among tumours in childhood except for HB. In addition, 5C 1I reacted with both osseous and extraosseous ESs. Identical specificity of 5C11 was also shown on a variety of cell lines in vitro. These results clearly indicate that 5Cl1 is an extremely useful tool in diagnostic pathology field for prompt and accurate diagnosis. It is of note that 5C1 1 can distinguish ES from PNET, the latter of which shows more clear differentiation capability towards neurogenic tissues as revealed by ultrastructural features such as the presence of neurosecretory granules and by the production of tissue specific proteins such as neurofilaments. On the other hand, cytogenetical analysis has shown that PNET and some ES have the same chromosomal abnormalities involving (11; 22) (q24 ; ql 2) (Aurius et al., 1983; Turc-Carel et al., 1983; Whang-Peng et al., 1984) . In addition, common proto-oncogene expression has been observed in PNET and ES (Mckeon et al., 1988) . In fact, some ES cells which we established could be induced to differentiate into neural direction by the administration of cyclic AMP in vitro (unpublished observation). In such a and GOTO (f) were completely negative for 5C 1. As a control antibody class matched irrelevant monoclonal antibody, RI-IOB5 (Matsuura et al., 1984) was used. 
